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Background: Despite the efforts of the modern Emergency Medical Service Systems (EMS), survival rates for
sudden out-of-hospital cardiac arrest (OHCA) have been poor as approximately 10% of OHCA patients survive
hospital discharge. Many aspects of OHCA have been studied, but few previous reports on OHCA have
documented the variation between different sizes of study areas on a regional scale. The aim of this study was to
report the incidence, outcomes and regional variation of OHCA in the Finnish population.
Methods: From March 1st to August 31st, 2010, data on all OHCA patients in the southern, central and eastern parts of
Finland was collected. Data collection was initiated via dispatch centres whenever there was a suspected OHCA case or
if a patient developed OHCA before arriving at the hospital. The study area includes 49% of the Finnish population; they
are served by eight dispatch centres, two university hospitals and six central hospitals.
Results: The study period included 1042 cases of OHCA. Resuscitation was attempted on 671 patients (64.4%), an
incidence of 51/100,000 inhabitants/year. The initial rhythm was shockable for 211 patients (31.4%). The survival rate at
one-year post-OHCA was 13.4%. Of the witnessed OHCA events with a shockable rhythm of presumed cardiac origin
(n=140), 64 patients (45.7%) were alive at hospital discharge and 47 (33.6%) were still living one year hence. Surviving until
hospital admission was more likely if the OHCA occurred in an urban municipality (41.5%, p=0.001).
Conclusions: The results of this comprehensive regional study of OHCA in Finland seem comparable to those previously
reported in other countries. The survival of witnessed OHCA events with shockable initial rhythms has improved in urban
Finland in recent decades.Background
Sudden out-of-hospital cardiac arrest (OHCA) is a major
public health concern [1]. The overall incidence of OHCA
is reportedly between 37 and 121 per 100,000 inhabitants/
year, and the overall survival rate to hospital discharge var-
ies from 4.5 to 10.7% [2-7]. It is notable that the defini-
tions of incidence and outcome of OHCA vary across
reports [8], complicating study comparison.
It has previously been estimated that the survival of
OHCA with a shockable initial rhythm decreases by 10%
for every minute that cardiopulmonary resuscitation (CPR)* Correspondence: pamela.hiltunen@kuh.fi
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reproduction in any medium, provided the oris delayed [9]. The most important factors affecting survival
are whether or not the OHCA is witnessed, how fast CPR
is started and whether or not the initial rhythm is shock-
able) [4,10-12].
Previous studies, conducted in urban centres in Finland,
have reported the incidence of OHCA as 46–80/100,000
inhabitants per year and the survival to hospital discharge
between 13–27% [11,13,14]. There are no reports from
Finland regarding incidence, EMS delay or outcomes of
OHCA in neither semi-urban nor rural areas. Therefore,
the existence of regional variation is unknown. To our
knowledge, few previous reports discuss OHCA with a re-
gional perspective [5,15,16].
The aim of this study was to determine the incidence and
outcomes of OHCA in the urban, semi-urban and rural
Finnish populations. In addition, we studied whether thel Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
Figure 1 Finnresusci study area.
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improved since previous reports.
Methods
Study design
This study was a prospective observational cohort study
conducted in southern and eastern Finland from March
1st, 2010, to August 31st, 2010. It included all patients in
the study areas who fulfilled the criteria of suspected
OHCA according to uniform national emergency med-
ical dispatch policy. Furthermore, all patients who were
identified as having suffered from OHCA by EMS crews
or who developed OHCA before arrival at the hospital
were included. The study protocol was approved by the
Institutional Review Board of the Helsinki University
Central Hospital.
Study area and population
Finland is the most sparsely populated country in the
European Union (geographic area 337,000 km2, popula-
tion density 17/km2). The overall population included in
this study was 2,644,200 (49.1% of the total Finnish
population). Figure 1 shows the study area with its two
university and six central hospitals, as well as Helsinki,
the Finnish capital.
The Finnresusci study area covered 120 municipalities.
For the purpose of this study, the municipalities were
divided into urban, semi-urban and rural [17]. In
urban municipalities, over 90% of the population lives
in densely populated communities, and the largest com-
munity exceeds 15,000 residents. In semi-urban muni-
cipalities, the corresponding figures are 60–90% and
4,000-14,000 residents, respectively. In rural municipa-
lities, less than 60% live in densely populated commu-
nities, and the size of the most densely populated
community is less than 4,000 residents.
Description of the EMS system
Eight regional dispatch centres are located within the
study area. Trained dispatchers process emergency calls.
The centres combine EMS, police, and fire and rescue
services, and they are connected to a common database.
EMS services are three-tiered: trained first-responders
serve as the first tier, the second tier consists of
advanced life-support units with paramedics, and the
third tier is a prehospital emergency physician staffed
unit.
Guidelines defining the treatment of OHCA in Finland
[18] conform to the guidelines issued by the European
Resuscitation Council (ERC) [19]. For patients with
non-witnessed OHCA and primary asystole rhythms,
or those for whom OHCA is followed by an evidently
fatal event, resuscitation attempts can be withheld. Para-
medics can decide to withhold resuscitation accordingto the national guideline, DNAR (do not attempt resus-
citation) orders and/or online consultation with a pre-
hospital emergency physician.
Data collection and analysis
In order to provide a uniform database for this study, as
well as to ensure the inclusion of all patients in the study
area, an interface was created between the dispatch cen-
tres’ combined databases and the database of the Finnish
Quality Consortium of Intensive Care [20].
The EMS crew collected data on patients who met the
inclusion criteria and faxed the case report forms (CRF) to
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Finnresusci database and linked them to the dispatch data.
The principal investigator received information about
patients’ status at the time of hospital discharge from the
National Institute for Health and Welfare, and data
regarding OHCA survival after one year was obtained
from the Finnish Population Information System. The
population used in this study was announced from this
registry on December 31st, 2009 [21].
For the purpose of this study, we classified a patient as
considered for resuscitation unless the patient was alive
upon EMS arrival despite being dispatched as a case of car-
diac arrest, or unless the patient had secondary signs of
death. The definition “considered for resuscitation” was
used only to calculate the incidence of these cases. Resusci-
tation was defined as attempted unless the EMS crew
immediately discontinued basic CPR after initial assessment
due to the considered futility of the situation (i.e., unwit-
nessed arrest and asystole), or because of a pre-existing
DNAR order.
The basic timeline covered the collapse time estimated
by EMS personnel from the start of chest compressions
(from a bystander or EMS) to the time of first defibrillation.
Outcome was determined by the rate of survival at
hospital discharge and at one year post OHCA divided
by the number of patients with attempted resuscitation.
We considered patients discharged when they were
transferred from their primary hospital to a non-acute
care facility or discharged home.
Data were analyzed using SPSS version 17.0 (SPSS,
Chicago, Ill., USA). Data are presented as medians with
IQR or as frequencies and percentages. Association be-
tween categorical variables was assessed using cross
tabulation and the chi-square test, and the variables were
given in time points according to the Kruskal-Wallis
one-way analysis of variance. The Kaplan-Meier estimator
was used to assess the difference in patient survival be-
tween the municipalities (one-year follow-up). A p-value
less than 0.05 was considered statistically significant. We
used a logistic regression model in order to find factors
related to survival at one year. Age was a dichotomous
variable (under 18, 18–45, 45–65 and over 65 years of
age) and time from collapse to CPR was a continuous
variable.
Outcome tracking
The end points of the study were survival to hospital
discharge and survival status after one year.
Results
During the study period, EMS considered resuscitation
on 1042 patients, a corresponding incidence of 78/100,000
inhabitants/year. The reasons for refraining from resusci-
tation are presented in Figure 2. Resuscitation wasattempted for 671 patients (64.4%). The final analysis cov-
ered this subgroup.
The incidence of attempted resuscitation was 51/
100,000/inhabitants/year. The baseline characteristics of
these patients are presented in Table 1, and the time inter-
vals are presented in Table 2. The initial rhythm was
shockable for 211 patients (31.4% of patients on whom
resuscitation was attempted).
For resuscitated patients, approximately half (47.2%)
received at least bystander chest compressions or standard
CPR before EMS arrival. The cause of arrest was presumed
to be of cardiac origin for 361 patients (53.8%). Any degree
of return of spontaneous circulation (ROSC) was achieved
on the scene for 294 patients (43.8%).
In all, 133 patients (19.9%) survived until hospital dis-
charge. Thirty-three of them were discharged home and
100 were discharged to a non-acute ward or facility. One
year later, 90 of the discharged patients (13.4%) were still
living.
Of the 140 patients who suffered a bystander-witnessed
arrest (i.e., not witnessed by EMS) with shockable rhythm
due to a condition of presumed cardiac origin, 64 (45.7%)
were alive at hospital discharge, and 47 (33.6%) were still
alive after one year. In urban areas, the numbers were
53.8% and 40.9%, respectively.
Of the 671 patients, 140 suffered an EMS-witnessed
OHCA. Of those patients, 107 (76.4%) exhibited a non-
shockable rhythm. The numbers of EMS-witnessed
OHCA patients who survived until hospital discharge
and at one year were 36 (25.7%) and 23 (16.4%),
respectively.
EMS crews attempted resuscitation in 63 cases when
the location of arrest was in an extended care facility.
Four of these patients (6.3%) were still alive one year
later. OHCA was of traumatic origin for 10 patients.
One patient survived until hospital admission but died
later the same day in an intensive care unit.
The three elements of resuscitation attempts, initial
rhythm and survival are presented in relation to municipal-
ity type in Table 3. In urban municipalities, more patients
survived until hospital admission (41.5%) than in semi-
urban (28.3%) or rural (25.8%) municipalities (p=0.001).
Outcomes at one year were 6.1% greater in urban than
in rural areas (CI −0.05 to 12.2), 4.2% higher in semi-urban
than in rural areas (CI −12.8 to 4.5) and 1.9% higher in
urban than in semi-urban areas (CI −9.8 to 6.0). However,
these differences were not statistically significant. Figure 3
shows the survival analysis (using Kaplan Meier) in differ-
ent municipalities at the one-year follow-up.
In multivariate analysis, shockable initial rhythm
(p=0.000, OR 6.65, 95% CI 3.56 to 12.4), short delay
from collapse to the beginning of CPR (p=0.001, OR
0.86, 95% CI 0.79 to 0.94), arrest presumed to be of car-
diac origin (p=0.05, OR 2.0, 95% CI 1.06 to 3.9) and age
CONSIDERED FOR 
RESUSCITATION n = 1042
RESUSCITATION 
ATTEMPTED n = 671
(64.4 %)
RESUSCITATION NOT ATTEMPTED n= 371(35.6 %)
Considered futile n = 297
Pre-existing DNAR order n = 71
Data missing n = 3
SHOCKABLE n = 211(31.4 %) NON-SHOCKABLE n = 458(68.3 %)
ANY ROSC n = 136(64.5 %) ANY ROSC  n= 156(34.1 %)
SURVIVED EVENT n= 123(58.3 %) SURVIVED EVENT n = 115(17.4 %)
ALIVE AT ONE YEAR n = 69(32.7 %) ALIVE AT ONE YEAR n = 21(4.6 %) 
INITIAL RHYTHM* 
OVERALL SURVIVAL AT ONE YEAR n = 90(13.4 %)
Figure 2 Study flow chart. Out-of-hospital cardiac arrests in Finland, considered, attempted, not attempted and outcome. * In two cases the
initial rhythm were not monitored.
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survival at one year. Other variables tested in this model
were municipality type, gender, whether OHCA was wit-
nessed (not by EMS) or not, EMS-witnessed OHCA and
location of OHCA, but these variables were not statisti-
cally significant. In a subgroup with shockable initial
rhythm, the same multivariate logistic regression model
showed that cause of presumed cardiac origin (p=0.012,
OR 6.18, 95% CI 1.50-25.5), short time delay between
collapse and first defibrillation (p=0.033, OR 0.87, 95%
CI 0.77-0.99) and young age (p=0.002, OR 0.95, 95% CI
0.92-0.98) were independent factors related to survival
at one year.
Discussion
This is the first study of OCHA to cover nearly half of
the Finnish population. The main findings were: 1) theincidence of attempted resuscitation in Finland was 51/
100,000 inhabitants/year, and survival from all events
and rhythms one year after the incident was 13.4%; 2)
the initial rhythm was shockable in 31.4% of patients,
and 32.7% of those patients were alive after one year;
and 3) 53.8% of the OHCA patients in urban areas sur-
vived until hospital discharge when their cardiac arrest
was witnessed, their initial rhythm was shockable and
their cause of arrest was presumed to be of cardiac ori-
gin. This result seems to show an improvement over
previous reports [14,22-24]. In a study by Silfvast in
1990 on patients in the capital city of Helsinki, the sur-
vival of these patients at hospital discharge was 27%
[13]. Their survival rate rose to 32.5% in 1994 [14]. In
another Finnish report on the city of Tampere in 2007,
the survival in this subgroup was 28% [11]. It seems that
the prognosis of these patients has improved in
Table 1 Baseline characteristics of patients in final
analysis
Variable n=671 (%)
Sex
Male 475(70.8)
Female 196(29.2)
Shockable rhythm 211(31.4)
Age (median) 66(IQR56-78)
Location of arrest
Home 398(59.3)
Public 152(22.7)
Health care emergency 16(2.4)
Extented care facility 63(9.4)
Ambulance 41(6.1)
Data missing 1(0.1)
Municipality
Urban 410(61.1)
Semi urban 106(15.8)
Rural 155(23.1)
Presumed etiology
Cardiac 361(53.8)
Unknown 156(23.2)
Hypoxia 62(9.2)
Submersion 24(3.6)
Exsanguination 15(2.2)
Trauma 10(1.5)
Intoxication 8(1.2)
Electrocution 3(0.4)
Hypothermia 2(0.3)
Other 26(3.9)
Data missing 4(0.6)
Witnessed
By close relative/layperson 459(68.4)
By EMS 140(20.9)
Not witnessed 60(8.9)
Data missing 12(1.8)
Adrenalin given during CPR 488(72.7)
Table 2 Time intervals in minutes (median (IQR)) in
municipalities from collapse to cardiopulmonary
resuscitation* (CPR) given by bystander or Emergency
Medical Service (EMS) and from collapse to defibrillation
in patients with initial shockable rhythm
Type of
municipality
Time from
collapse to CPR*
Time from collapse to
defibrillation in initial
shockable rhythm
Urban 3 (0–8) 9,5 (6–13)
Semi urban 2 (0–10) 10,5 (7,75-16,5)
Rural 3 (0–10) 12 (5–20,5)
Study area 3 (0–9) 10 (6–14)
P-value 0.884 0.209
P-values are counted in Kruskal-Wallis test.
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strated in reports from other countries [5,24,25].
The survival rate for patients who experienced OHCA
with all rhythms and in all situations at one year was
13.4%. This can be considered an acceptable outcome
because the study area was wide and included rural
municipalities as well as urban and semi-urban areas.
In a randomized trial of intravenous epinephrine in non-
traumatic, all-rhythm-OHCA in Norway, the survival tohospital discharge was 9.2% for the epinephrine-treated
group and 10.5% for the non-treated group [6]. In another
study from Sweden, the one-month survival of patients
with all rhythms varied between 2% and 14% [15].
Therapeutic hypothermia (TH) has been shown to
improve the outcomes of resuscitated patients [26,27].
The use of TH after OCHA [28] is the standard of care
in Finnish intensive care units [29,30] and might be
one explanation for better survival compared to previous
reports. In addition, the national guidelines [18] and pro-
tocols for the treatment of OCHA patients are likely to
guide the overall treatment towards more standardized
methods for the EMS and in ICUs [28]. Finally, the ‘chain
of survival’ in OHCA patients is dictated by the prompt
recognition of cardiac arrest (by both the bystander and
the EMS dispatcher) and by the rapid response of the
EMS. The dispatcher can play a major role in guiding a
bystander to start CPR. In a Finnish study, 83% of OHCA
patients were adequately recognized by the dispatchers
[31].
Of the patients with non-shockable rhythms, 21 (4.6%)
were alive after one year. Similar results have been
reported by other investigators [10]. Although this sur-
vival rate is modest, this group should be kept in mind
when treating OHCA patients, especially when there is a
short delay in the administration of advanced life support
and achieving ROSC [12,32].
In the current study, the presence of EMS at the mo-
ment of collapse had no effect on survival at one year
(p=0.198). This is in agreement with two previous stud-
ies that also document that EMS-witnessed OHCA
patients usually exhibit a non-shockable rhythm [33,34].
The administration of CPR before EMS arrival did not
positively affect survival at one year in the current study.
In previous studies, bystander CPR has been found to be
a significant factor for in survival [14,35]. Our result
may be due to lack of statistical power. In addition, less
Table 3 Type of municipality and resuscitation attempts, initial rhythms and outcome
Type of
municipality
Resuscitation
attempted (%)
Initial rhythm (%)* Admitted to
hospital (%)
Alive at hospital
discharge (%)
Alive at one
year (%)**
Urban n=410 (63.9) Shockable n=170(41.5) n=97(23.7) n=62(15.1)
n=137(33.4)
Non-shockable
n=271(66.1)
Semi urban n=106 (63.9) Shockable n=30(28.3) n=18(17.0) n=14(13.2)
n=34(32.1)
Non-shockable
n=72(67.9)
Rural n=155 (66.2) Shockable n=40(25.8) n=18(11.6) n=14(9.0)
n=40(25.8)
Non-shockable
n=115(74.2)
Study area n=671 (64.4) Shockable n=240(35.8) n=133(20.3) n=90(13.4)
n=211(31.4)
Non-shockable
n=458(68.3)
P p=0.800 p=0.232 p=0.001 p=0.344 p=0.153
P-values are counted in chi-square-test.
*in two cases the initial rhythm were not monitored.
** Survival after one year could not be established in four patients who were discharged alive from hospital to their home countries.
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study received CPR overall.
Survival to hospital admission was associated with mu-
nicipality type. The patients in urban municipalities sur-
vived to hospital admission more often than patients
in the other two municipality types. There was noSurviv
Percent 
survival
Figure 3 Kaplan-Meier survival analysis. Difference between municipalit
Semi-urban Yellow: Rural.difference in the distribution of primary rhythms be-
tween the municipalities. It is difficult to explain factors
related to the observed difference in survival to hospital
admission. There was no statistical difference between
municipalities in survival rates at one year. This could
be explained by a lack of power. Still, there was aal in days after OHCA 
ies and survival (one year follow-up). Municipalities: Blue: Urban Green:
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urban (15.1%) and rural regions (9.0%).
As previously shown [35], a short delay from collapse
to the beginning of CPR (whether by bystander or EMS)
was an independent factor of survival at one year
(p=0.001), and a quick response with the first defibrilla-
tion after collapse (p=0.003). There was a trend for
longer delays between urban and rural municipalities,
but this difference was not statistically significant.
Researchers should discuss further how to report the
incidence of OHCA in response to the lack of definitions
for OHCA and who is “considered for resuscitation”.
Despite the Utstein template [36], there is still great vari-
ation among reports on OHCA [1,22,37]. Previous
reports on OHCA have included all patients who died
suddenly, those for whom resuscitation efforts were
attempted, and patients who fell in between these two
states [8]. We suggest that all OHCA patients encoun-
tered by the EMS should be included in the calculation
of the incidence of OHCA. All patients not obviously
dead (e.g., decapitated or with secondary signs of death)
should be reported as considered for resuscitation. Of
the patients considered for resuscitation, only those for
whom resuscitation was attempted should then form the
basis for reporting the outcomes of OHCA, while record-
ing a different dataset of those in whom resuscitation was
not initiated. The outcome numbers have been calculated
in this manner in some previous reports [5,7,14,38].
There were some limitations to this study. Some
time points were estimates by the EMS crews, the ac-
curacy of which could be affected by the fact that dif-
ferences in time have previously been documented
between the clocks at dispatch centres and the clocks
on defibrillators [39]. Because our study design included
all patients who developed OHCA (i.e., in the presence
of EMS personnel), we did not always have the time of
the beginning of the dispatch call and we therefore had
to rely on the EMS crews’ reports of time points.
Furthermore, we lost the data on four patients in the
follow-up. Data on the initial rhythm were missing for
two patients. Despite close follow-up and frequent feed-
back, we cannot be certain that every single cardiac
arrest occurrence in the study area was included.Conclusions
This first comprehensive study of OHCA covering half
of the population of Finland included all types of geo-
graphic areas. It revealed that the incidence of OHCA
with attempted resuscitation was 51/100,000 inhabi-
tants/year and that the overall survival one year after
OHCA was 13.4%. Survival until hospital admission was
most likely in urban municipalities (p=0.001). In urban
Finnish regions, the survival rate from witnessed OHCAevents for people with shockable initial rhythms has
improved compared with previous reports.Competing interests
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